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============

It was suggested 3 decades ago that quark-gluon plasma (QGP) formation would suppress the yield of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\mathrm {p}\mathrm {p}$$\end{document}$) collisions, as a consequence of Debye screening of the heavy-quark potential at finite temperature \[[@CR1]\]. This QGP signature triggered intense research activity, both experimental and theoretical, on the topic of heavy quarkonium production in nuclear collisions. Experiments at SPS \[[@CR2], [@CR3]\], RHIC \[[@CR4], [@CR5]\], and the CERN LHC \[[@CR6], [@CR7]\] have reported a significant $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {p}$$\end{document}$ data. This suppression is found to be larger for more central collisions over a wide range in rapidity (*y*) and transverse momentum ($\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}$$\end{document}$). In addition, a suppression of different bottomonium states $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
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                \begin{document}$$\mathrm {PbPb}$$\end{document}$) collisions at a center-of-mass energy per nucleon pair of $\documentclass[12pt]{minimal}
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                \begin{document}$$\sqrt{s_{\mathrm {NN}}} =2.76\,\text {TeV} $$\end{document}$ \[[@CR8]--[@CR10]\], which appears to be consistent with the suggested picture of quarkonium suppression in the QGP \[[@CR11], [@CR12]\].

In order to interpret these results unambiguously, it is necessary to constrain the so-called cold nuclear matter effects on quarkonium production, through, e.g., baseline measurements in $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {Pb}$$\end{document}$ collisions. Among these effects, parton distribution functions in nuclei (nPDF) are known to differ from those in a free proton and thus influence the quarkonium yields in nuclear collisions. The expected depletion of nuclear gluon density at small values of the momentum fraction (*x*), an effect known as shadowing, would suppress $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {Pb}$$\end{document}$ collisions \[[@CR13], [@CR14]\]. It has been also suggested that gluon radiation induced by parton multiple scattering in the nucleus can lead to $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}$$\end{document}$ broadening and coherent energy loss, resulting in a significant forward $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm {p}\mathrm {Pb}$$\end{document}$ collisions at all available energies \[[@CR15], [@CR16]\]. These phenomena can be quantified by the nuclear modification factor, $\documentclass[12pt]{minimal}
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In addition to prompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons, directly produced in the primary interaction or from the decay of heavier charmonium states such as $\documentclass[12pt]{minimal}
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                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons includes a nonprompt contribution coming from the later decay of $\documentclass[12pt]{minimal}
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                \begin{document}$${\mathrm {B}}$$\end{document}$ hadrons, whose production rates are also expected to be affected by cold nuclear matter effects \[[@CR17], [@CR18]\]. However, neither high-$\documentclass[12pt]{minimal}
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Experimental setup and event selection {#Sec2}
======================================

The main feature of the CMS detector is a superconducting solenoid with an internal diameter of 6 m, providing a magnetic field of 3.8 T. Within the field volume are the silicon pixel and strip tracker, the crystal electromagnetic calorimeter, and the brass and scintillator hadronic calorimeter. The silicon pixel and strip tracker measures charged particle trajectories in the pseudorapidity range of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |<2.5$$\end{document}$. It consists of 66 M pixel and 10 M strip sensor elements. Muons are detected in the range of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|\eta |<2.4$$\end{document}$, with detection planes based on three technologies: drift tubes, cathode strip chambers, and resistive plate chambers. The CMS apparatus also has extensive forward calorimetry, including two steel and quartz-fiber Cherenkov hadron forward (HF) calorimeters, which cover $\documentclass[12pt]{minimal}
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Signal extraction {#Sec5}
-----------------

The signal extraction procedure is similar to that in previous CMS analyses of $\documentclass[12pt]{minimal}
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Corrections {#Sec6}
-----------

The acceptance and reconstruction, identification, and trigger efficiency corrections are evaluated from the MC simulation described in Sect. [2](#Sec2){ref-type="sec"}. The acceptance is estimated by the fraction of generated $\documentclass[12pt]{minimal}
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In order to compensate for imperfections in the simulation-based efficiencies, an additional scaling factor is applied, calculated with a *tag-and-probe* (T&P) method \[[@CR44]\]. The tag muons require tight identification, and the probe muons are selected with and without satisfying the selection criteria relevant to the efficiency being measured. Then, invariant mass distributions of tag and probe pairs in the $\documentclass[12pt]{minimal}
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Systematic uncertainties {#Sec7}
------------------------

The following sources of systematic uncertainties are considered: fitting procedure, acceptance and efficiency corrections, and integrated luminosities.

To estimate the systematic uncertainty due to the fitting procedure, variations of the parameters or alternative fit functions have been considered for the invariant mass and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _{\mathrm{J}/{\psi }}$$\end{document}$ distributions. For the signal shape in the invariant mass distributions, three alternative parameter settings are tested: (1) $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _{\mathrm {CB}} $$\end{document}$ is set to 1.7, averaged from the default fit, and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n_{\mathrm {CB}}$$\end{document}$ free, (2) both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\alpha _{\mathrm {CB}} $$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$n_{\mathrm {CB}}$$\end{document}$ are left free, and (3) both are obtained from a MC template and then fixed when fit to the data. The maximum deviation of yields among these three variations is quoted as the uncertainty. For the background fit of the invariant mass distributions, a first-order polynomial is used as an alternative. For the shape of $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _{\mathrm{J}/{\psi }}$$\end{document}$ distribution of prompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons, two alternatives are studied: (1) both $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{\text {wide}}$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\sigma _{\text {narrow}}$$\end{document}$ are left free, and (2) both parameters are fixed to the MC templates. The maximum deviation of yields is taken as the uncertainty. Finally, for the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _{\mathrm{J}/{\psi }}$$\end{document}$ distribution shape of nonprompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons, the template shape is directly taken from reconstructed MC events. The uncertainties from the previously mentioned methods are 0.7--5.0% for prompt and 1.1--36.3% for nonprompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons. They are larger for the shape variations in the $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\ell _{\mathrm{J}/{\psi }}$$\end{document}$ than in the invariant mass distributions, especially for nonprompt $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\mathrm{J}/{\psi }$$\end{document}$ mesons.

For the uncertainties from acceptance and efficiency correction factors, the effect of reweighting the $\documentclass[12pt]{minimal}
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                \begin{document}$$p_{\mathrm {T}}$$\end{document}$ spectrum of events generated by [pythia]{.smallcaps} generator as described in Sect. [3.3](#Sec6){ref-type="sec"} is considered. The deviation of the correction factors obtained from the default [pythia]{.smallcaps} spectra and those from data-based weighted spectra is less than 2.9% across all kinematic ranges. The full deviation values are quoted as the systematic uncertainties. The determination of uncertainties for T&P corrections is performed by propagating the uncertainties in single-muon efficiencies to the dimuon efficiency values. The systematic uncertainties are evaluated by varying the fit conditions in the T&P procedure, and the statistical uncertainties are estimated using a fast parametric simulation. The total uncertainty from T&P corrections is obtained by the quadratic sum of two sources. Uncertainties from the efficiency correction, including the T&P uncertainties, range from 2.4 to 6.1%, and tend to be larger for lower $\documentclass[12pt]{minimal}
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Table [3](#Tab3){ref-type="table"} summarizes systematic uncertainties considered in this analysis. The range refers to different $\documentclass[12pt]{minimal}
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